↑What is "already known" in this topic: Several cross sectional studies have demonstrated the association between dental follicle and odontogenic lesions.
Introduction
An impacted tooth is a tooth that does not erupt due to malposition or lack of space in the jaw arch (1) , and it is one of the most common chief complaints in those who visit dentists and maxillofacial surgeons.
In the presence of pathologic signs and symptoms, the decision to remove an impacted tooth is straightforward. However, when the impacted tooth is asymptomatic, the best decision might be a challenge (2, 3) ; some risks of intervention are alveolitis, trismus, infection, hemorrhage, dentoalveolar fractures, dental displacement, periodontal injury, injury to the nerves, and the temporomandibular joint, and in severe cases, even fracture of the mandible or the maxillary tuberosity, systemic infection, surgery thickened overlying bone or soft tissue, and other serious injuries (4) . An impacted tooth, if not removed, may lead to misalignment, resorption of adjacent teeth, infection, odontogenic cysts, and tumors (4) . In addition, the existence of pericoronal follicle adjacent to the crown of an impacted tooth is commonly associated with the formation of cysts and tumors, such as dentigerous cysts, keratocystic odontogenic tumors, and ameloblastoma, which may arise from odontogenic epithelial rests (5, 6).
In case of no sign or symptom, follow-up visits are suggested. Tooth extraction is preferred if the impacted tooth is accompanied by some types of pathologic lesions (3, 4, 7) . The prevalence of odontogenic lesions has been re-2 ported in some studies, but it does not provide an appropriate estimate for the incidence of odontogenic lesions associated with impacted teeth (1, 8, 9) . The incidence of lesions due to dental follicles, such as odontogenic cysts and tumors, is not clear and varies from a low level to up to 59% in impacted teeth (2, 10, 11) .
This study was conducted to determine the association between developmental odontogenic cysts and tumors and impacted and unerupted teeth, if left untreated. The answer can help the dentists and patients to make clinically better decisions whether to keep or extract the tooth.
Methods
The present matched case-control study was designed based on a pilot study. Accordingly, a minimum number of 160 participants had to be recruited, 80 in the case and 80 in the control groups. However, to improve the power of the study, 131 participants were selected in each group (262 in total).
The most common odontogenic lesions (cysts and tumors) based on the textbooks of oral pathology (6) (Table 1) were selected. Accordingly, 131 participants were included in the case group.
The presence or absence of the tooth in the lesions of both groups was recorded based on radiological and pathological reports in patient records. The term "unerupted" was used when the tooth was present in the lesion and could still be expected to erupt. The term "impacted" was used when the participant was older than eruption age based on the chronologic eruption age ( Table 2 ). For instance, a mandibular central incisor was considered as unerupted in a 7-year-old patient but impacted in a 9-yearold patient (12) .
We also recorded the data of age, gender, the involved jaw, and type of lesion. All patient records were reviewed by the research director and an oral pathologist separately.
The exclusion criteria were uncertain diagnoses and missing data in the records.
The controls had no signs of odontogenic lesions (Table  1 ) on their radiographs based on the reports of an oral and maxillofacial radiologist. The variables that were matched as confounders were age, gender, and the site of the involved jaw. To match age among those younger than 25, an exact age-matched control was performed. However, for patients over 25 years, age matching was based on the 5-year age group.
A total of 131 matched controls were selected from those who referred to a radiology center close to Shahid Beheshti Medical University for a routine OPG during the year 2003 continuously and those who referred to Departments of Orthodontics, Pedodontics, and Prosthodontics, Dental School of Shahid Beheshti University of Medical Sciences. For matching, we needed to have equal number of participants in each group; therefore, the matching process in the 2 age groups was completed by convenience sampling based on the radiological records of the patients in these 3 departments. Observers in charge of selecting the controls were blind to the presence or absence of unerupted or impacted teeth in case samples. The presence of the impacted or unerupted tooth in the matched jaw was recorded based on radiography.
Descriptive analyses were performed to obtain the frequency of odontogenic lesions. Conditional logistic regression analysis was used, and p<0.05 was considered statistically significant. The strength of the association was expressed through odds ratio (OR) and 95% confidence interval (CI). Data were analyzed using SPSS 17.0, Inc., Chicago, IL, USA and STATA 13 software.
Results
Of 131 cases with odontogenic lesions, 57% were male (n =74), and the mean age of the cases was 25 years (SD =14.9). The mean age of males (27.2, SD= 16.9) was higher than females (22.2, SD= 11.2) (p< 0.05). In the case group, 73.3% of the lesions were in the mandible and 26.7% were in the maxilla. -21 In the case group, the first 3 common lesions were dentigerous cyst (46.6%), odontogenic keratocyst (29.8%), and ameloblastoma (9.2%) ( Table 3) . No statistical difference was found between the 2 jaws in the frequency of impacted (χ Based on the conditional logistic regression analysis, the presence of odontogenic lesions was not associated with the involved jaw and unerupted teeth, but it was associated with impacted teeth (OR= 6.9, CI: 2.7-17.7, p<0.0001) ( Table 4) .
Discussion
This study revealed that the presence of impacted teeth was associated with the presence of odontogenic lesions. The most common pathologic findings among our patients were dentigerous cysts, as mentioned in several textbooks and articles (2, 6, 14, 15) .
One of the most common complaints of patients aged 16 to 30 years who visited a dentist was impacted tooth. Extraction is a straightforward decision when there is a pathologic problem or pain. The challenge is whether to leave the tooth in its place or remove it in an asymptomatic patient, especially when the tooth is near the mandibular nerve or has curved roots (2) . Some studies have reported only an association between the prevalence of odontogenic cysts and tumors and impacted teeth and concluded that pericoronal cysts and tumor development are rare. Some review studies have used this information to support the rationale for no treatment of the impacted teeth (1, 13). To our knowledge, no study has reported an odds ratio for the association between odontogenic lesions and impacted or unerupted teeth.
The incidence age of odontogenic cysts and tumors was 5 years higher in males than in females, which might be attributed to the earlier puberty in females. The lesions are developmental in nature and are correlated with growth. Another possible description for this difference may be gender differences in hormones influencing the growth of the epithelial lining.
It has been stated that embryonic rests in dental follicles around the impacted teeth have the potential to proliferate and develop into odontogenic lesions, which requires the presence of other unknown predisposing factors (5, 6, 14) . However, impacted teeth do not necessarily lead to odontogenic lesions and, when they do, the lesions may vary from mild to extremely severe cases (7) . One study reported that the pericoronal tissue of young impacted teeth showed few pathologic changes, and there was an increased risk of pathologic changes with age (2). On the other hand, the radiographic appearance around an impacted tooth may not be a reliable indicator of the absence or presence of the disease within a dental follicle, and clinical diagnosis based only on the radiographic findings may be quite deceptive (16) .
These issues bring up the following questions: Is prophylactic removal of impacted teeth, even in the absence of symptoms, necessary? What is the risk of these lesions when impacted teeth are left in place?
Some studies have shown an association between odontogenic cysts and tumors and impacted tooth (1-3, 9, 10, 15, 17-20) , but the exact risk is still unknown. The main reason is that these lesions take a long time to develop and prospective studies are hard to be conducted; therefore, most of these figures are obtained from retrospective studies or case reports.
The association between impacted teeth and odontogenic lesions and a marginal association between unerupted teeth and odontogenic lesions are highly important, which could be significantly associated if the sample size was larger. As previous studies have reported, not only impacted teeth predispose the patient to odontogenic lesions (Fig. 1, scenario A) , but also space occupying odontogenic lesions may lead to tooth impaction (Fig. 1, scenario B ) (2, 5, 6, 14) . However, other unknown factors can cause both tooth impaction and odontogenic lesions, without any association between them (Fig. 1, scenario C) .
Case-control studies are prone to antecedent-consequent bias. Nonetheless, the most probable scenario is that impacted teeth may lead to odontogenic lesions (Fig. 1 , scenario A) due to following reasons: 1. Impacted teeth can entrap dental follicles (6, 14) . 2. The distribution of epidermal growth factor receptors in pericoronal follicles of impacted teeth can affect the progress of odontogenic lesions (5).
3. If the presence of the tooth in the dental socket per se is responsible for the lesion without predisposing factors, such as impaction, we should expect to see a higher incidence of unerupted teeth (teeth that are still in the eruption phase) in the case group than in the control group; however, the results showed the opposite, i.e., more impacted teeth were seen in cases and more unerupted teeth in controls.
4. It seems unlikely to have a lesion so large that could prevent the eruption of a tooth for years and still remain clinically undiagnosed.
The above reasons indicate that a greater part of the OR in the present study was perhaps caused by impacted teeth predisposing to odontogenic lesions. In other words, we found that the risk of odontogenic lesions increased in the presence of impacted teeth. Also, it should be taken into account that impacted teeth are risk factors and do not necessarily coexist with all lesions.
Conclusion
The probability of developing odontogenic lesions is higher in individuals with impacted teeth.
There is an inverse marginal association between odontogenic lesions and unerupted teeth.
It seems that females with tooth impaction are prone to odontogenic lesions at younger ages compared to males.
When deciding whether to extract an impacted tooth or not, the risk of odontogenic lesions, in addition to other factors, should be considered.
It seems that epidemiological indices are missing in the literature related to the risk of odontogenic lesions in the presence of impacted teeth.
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